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|. INTRODUCTION AND SELECT FINDINGS

Rare Earth Elements (REES), also called rare earth metals and rare earth oxalgsgre
seventeerghemical elementhioder at el y a b un d awith unigue prapértees ear t h 6
essential to higibechnology productsREEsare usedn metallurgy, polishing, anthe creation

of catalysts and magnetsith a range ofpplicationsncludingautomobile and petroleum

refining, phosphors for flat panel displays in mobile phones and laptops, permanent magnetics,

and rechargeable batterfeREEs are also vital in defense applications such as fighter jet

engines, missile guidance systems, lagsard satellite communications systems.

The United States was once sdfiantin its domestic mining industry for REES, but has
become nearly fully reliant on REE imports in the past 20syegris import reliance has come
aboutdue toincreasingoreign competiton, primarily from Chinawhich hadower mining and
processing costend significantly larger REE reserves well agrom increased domestand
foreignusage of REEsThis report focuses on théS. manufacturers ahdistributors that
requre REEdor their products.While domestigproductionof REEs shrak in thelasthalf
century, thegrowth of theglobal technology industry has spurred a continually increasing

demand for REEs inommercialand defense markets

The Chinese neanonopoly a1 REEs hasaisedthe issue of supply vulnerability in recent years.
TemporaryChinese export restrictions of certain REEs have caerseeime pricevolatility and

global enduser outcry.China has since dropped these restrictions, but their unilattiat has

1 Find more information on rare earth elementstfjvs://minerals.usgs.gov/minerals/pubs/commodity/rare_earths/



https://minerals.usgs.gov/minerals/pubs/commodity/rare_earths/

raised concerns with numerousS. Government institutioriecluding Congress and théS.

Department of Defense.

In 2014, the U.S. Department of Defense, Defense Logistics Agency (DLA) partnered with the
U.S. Department of Commerce, Bureaurafustry and Security (BIS) to conduct an industrial
base assessment measuring the health and competitiveness of the d®Etestipply chain
network, focusing omanufacturerand distributors oproductscontainingREE components

usedin defenseandaerspace applicationsThe following report focuses on fiwpecificREESs
Dysprosium, Erbium, Neodymium, Terbium, and Ytterbium, collectivelgrred toas

ADENTYO

DLA also requested similar assessments focusing on the carbon fiber compoasiessium,

and titaniumindustries These materials are covered in separate BIS reports.

BIS and DLA set the following objectives for the industrial base survey and assessment

1 Capture the various levels of tREE supply chain network

1 Identify interdependencidsetween respondents, their suppliers and customers, and the
U.S. Government agencies they support, with particular focus on supply chain

avdlability issues and challenges

1 Benchmark trends in business practices, competitiveness issues, financial pexdorman
research and development (R&&)d capital investment, workforce, and other topic

areas acrss the supply chain network

2View these and other industrial base reports on the BIS webpagebis.doc.gov/dib
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1 Share data with 1$. Government (USGgtakeholders, as appropriate, to better inform
strategic planning, policy implementation,gated outreach, and collaborative problem

sdving.

BIS performed this data collection and assessment under authority delegated to the U.S.
Department of Commerce under Section 705 of the Defense Production A&0pa4
amendedand Executive Order 13603 hese authorities enable BIS to conduct surveys, study
industries and technologies supporting the national defense, and monitor economic and trade

issues affecting the U.S. industrial base.

Other industrial base assessmeatentlycompleted by BIS idode: the U.S. Underwater
Acoustics Transducer Industry, the U.S. Space

Propellant Actuated Device Industry, and the Consumers of El@gttical Satellite Imagery.

BIS worked withDLA andselectDENTY suppliersandproductmanufacturers to gain a better
understanding of operational and business practices specificRictbmdustry. These
interactionsaided in designing a surv@ystrumenthatcoveredssues faced by both industry

and government stakeholders

Thecontent of the survey instrument addresses several categories of respondent information,

including sections dedicated to:

9 Organizatiomal information
1 Products DENTY-related

1 Suppliers, iventories, inputs, and sourcing

3 Seewww.bis.doc.gov/dib
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1 U.S. Government defeasand nordefense participation
1 Operations and laallenges

1 Imports anl Exports of REERelated Mterial

1 Sales

1 Customers

i Financials

1 Workforce

1 Resarch and Bvelopment

=

Capital Expenditures

BIS distributed th&REE surveyin late spring 20140 respondents identified )LA (our

partner ageng, previous BIS survey effortand independent research.total of 160
organizations responded to the survéhe response data was reviewed, tabulated, analyzed,
and presented tolIA to facilitate theiranalysis and strategic planmgn Additionally, aggregated
results, as contained in this report, were made publicly available and presented to strategic

materials stakeholders across the U.S. Government, industry, and academia.

Select Findings

1 Most respondents were focused oarMfactuing, Distribution, Eneldse/Application,
and R&D; these four business lines accounted for 82 percent of the primary business
lines selected by respondents.

1 The 160 respondents reported operating 396 facil2@8in 38 states antil08 in33 non

U.S locatons between 2010 and 201RBespondents had the greatest number of facilities



in California, New Jersey, and New Yorkor the 108 facilities outside of the United
States, most were in China, Germany, tmiéél Kingdom France, and Canada.

1 Aggregated sak of all respondents were $76.4 billion in 2013. Ré&&ted products
accounted foonly 8 percent of this amount$6.1 billioni up from 5.8 percent in 2010.
REE sles growth in the commercial area far outpaced that in the governmental area.

1 For the2010-2013period, three respondents were calculated to be at high/severe
financialrisk, with another 36 at moderate/elevafiedncialrisk.

1 The 160 respondents identified a total of 601 products or product t@wes.twothirds
of the listed product®ere related to the DENTY elements; the majority of these products
were magnets and magnet powder products.

1 Nearly half of the products or services used Neodymium, which was used at over twice
the rate of each of the other elements of focus (Dysprosiuerbtm, Erbium, and
Terbium). Most products/services involved the use of more than one REE.

1 Respondents listed 24 inputs with sole source suppliers and 128 inputs with single source
suppliers* Chemicals and Magnets had the greatest number of solesmdssingle
source inputsOn a percentageasis, over threquarters of alloy andetamic inputs
were sole or single source.

1 REEs originating in China represenggaproximatelytwo-thirds of inputs, with those

from the United States aamating for anther 22 percentAll remaining countries

4 Single Sourcé An organization that is designated as the only accepted source for the supply of parts, components,
mateials, or services, even though other sources with equivalent technicallavweand production capability may

exist.

Sole Sourcé An organization that is the only source for the supply of parts, components, materials, or services. No
alternative U.S. onon-U.S. based suppliers exists other than the current supplier.



accounted for just under 10 percent of known origin REES, with no single country
accounting for more than eight inputs.

Supply chain disruptions were only a minor issue for respondents in 2012 and 2013.
Seven rgsondents reported X6tal supply chain disruption€Eleven of these disruptions
were for suppliers located in ChinahereChina was the original source thie REEs as
well. The reasons given for disruptions were varied, including legal holdups, quality
issues, and significant price increases.

Eighty-one of 160 espondents rankea#oreign Competitiodasanorganizational
challenge, witl80 noting it as their number one challendgéhis wasnore than twice the
number of the next most frequentrpary chdlenge,Material Price Volatility

GAging Equipment, Facilities, or Infrastructdmgas not a highly cited challenge overall,
but was the most frequently identified challenge expected to rise in the future.
Respondents did not expect any major changteiavailability d any REEs in the near
future. For every REEthe vast majority of respondents expected no chanige in
availability.

Recycled products and inputs were twice as common as substituted products and inputs.
Twenty-three percent of respdants recycled REEs or REElated products, whereas
six percent of respondents substituted REEs with other REEs €RBES.

Product Performance was the most frequently cited consimaising recycled REEs or
substituting for REEs.

Sixty-one respondestreported having REEelated R&D expendituresptialing $254

million in 20137 four percent of total R&D expenditures for all respondents.



One hundred two of the respondents provided support to at least one USG agency, with
USG sales accounting for neadgethird of all sales in 2013The Armed Services,

NASA, and the Department of Energy were the most frequently supported agencies.
Forty-seven respondents weseeminglydependent on the USG, based on their
indication as such and/or their percent oésdb the USG.

Sixty-six respondents indicated they imported REkted ore, mixed compound,
inorganic purified compound, organic purified compound, mixed metal, and/or purified
metal between 2010 and 201Borty-six respondents imported from a singtauatry,

with China accounting for 28 (61 percent) of these single country importers.
Respondents reported a total of $1.1 billion worth of imports of-Ridted ore,
compounds, and metals from 2010 to 2013. The top three importers accounted for nearly
$688 million of these imports (63 percent), and the top five accounted for 80 percent of
imports.

Thirty-six respondents (23 percent) reported exports of-Ritdied ore, compound, or
metal to 56 countries between 2010 and 2013. Another 36 respondedtadiste. S.
customers of their products or services.

In 2013, the 160 respondents employed 203,896 ftdtatime-equivalent employlees
(FTE9, 5.6 percent of whom performed RE&lated duties.

Smaller companies tended to have a larger percentage rofvtirkforce devoted to
REErelated items. Small and medium sized businesses had 26 pedc28t otheir
employeesrespectivelyworking on REErelated items, compared to 17 percent for large

businesseandthreepercent for very large businesses.






[1. INDUSTRY PROFILE

BIS receivedsurveys from 16respondents of all sizes, from many locations withinthiged
Stateswho work with Rare Earth Elemer{REESs)in some capacity along the value chaln.
order to capture some initisformation about he respondents amtleateorganizatiorprofiles
for further analysis, BIS askl a series of questions about organization size and Typeprofile
guestions also asked that respondents detail their lines of busdsspplicationsand the
market segrents in which they participated. FinalB|S asked respondents to list their

organi zationdés facility | ocations and any ant

All 160 of thetotal respondentaorkeddirectly with REEs One hundreéndforty respondets
(88 percentyvorked directly with théocus elementDysprosium, Erbium, Neodymium,

Terbium, or Ytterbium (DENTY).

Resmndent organizations fahto one of thre¢ypes of organizatianrCommercialCompany

U.S. Government Organizationr University One hundred and fiftyespondents @percent)

were Commercial Companies; fivrespondentsiireepercent) were Universities; and five
respondentstlireepercent) weré).S. Government Organization€ommercial ompanies were
thenfurther divided into pulicly traded or privately held companieblinety-six of the 150

commercial companigsn ot i ncl udi ng t he (@ Neocentwen privatelyab | e 6
held organizationsForty-six organizations (29 percengsponded at the businessit or

divisionlevel, providing mordREEfocus to their responsésee Figure H1).



Figure |I-1: Respondent Profile
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Strategic Materials Assessment, Rare Earth Elements — 2016

Sixty-six respondents (4dercent)selfidentified as a small businesshile 115respondenté72
percentyeportedhavingfewer than 500 employe@s2013 For the purposes dhis
assessmentespondents werdassifiedas small, medium, large, or very largampaniedased

on their aveage net sales from 2010 to 2018tler than their employee size).

Using average net sales to categorize the respondents by size, smadidessimere defined as
respondents with average annual sales under $25 milllsmg this method74 respondents (46
percent) were categorized as #mdhese small businesses employed roughlgpercent of the
nearly 230,000 reported fetime equivaleh(FTE) employeesVery largeorganizations
accounted fosix percent of the survey responses, but employgueécent of the total reported

employees on average between@add 2013 see Figure H2).



Figure 1I-2: Respondent Size Categorizations
by Average Annual Net Sales, 2010-2013
(Includes Commercial Companies, Universities, Non-Profit Organizations, and USG Organizations)

Average Average Average
. Number of
Size Annual Respondents Number of Number of
Net Sales P Employees REEs Used
No Sales None Listed 21 1,274 9.7
Small Under $25 74 48 5.2
Million
. $25 Million -
Medium $100 Million 28 157 6.6
$100 Million -
Large $1 Billion 27 1,157 5.9
$1 Billion or
Very Large Greater 10 13,796 7.6

e: U.S. Department of Commerce, Bureau of Industry and Securit

Respondentprovided their role in the REE suppthain byreporing their primary and

additional lines of business from a list BIS providsee Appendix )l Results indicated that
U.S. companieworkingwith REEs areyenerallyinvolved in the later processing stages, rather
than earlier procurementagtes(see Figure H3). REE miningactivitie® suchasd&inancing
Exploratiory andd@&xtraction® wereselecedas primarybusinesdines for onlynine
respondentsg(percent). Seventeemespondets (11 percentyeportedone of the following as

their pimary line of businessProcessing dVetallurgyg or Refiningd

Respondents identified four business lines significantly more frequently than direts:
Use/Applicatiod dMlanufacturingy (Research & Development (R&DB)anddistributiond
Vanufacturingd with 75 respondents (4percent) wasthe most commonly selected primary
business lingfollowed by®istributiond &End-Use/Applicatiordwas only the fourttmost

commonly reported primary business line, but was the nwstnonlyreportedcategoryoverall



when including additional business linegh 103 respondents ébpercen). (R&Dbowas
reported as a business line by 61 respondents (38 percent), although 111 respondents (69

percent) reported having R&D expenditures.

Figure |I-3: Respondent Business Lines
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Within these businessies, respondentgilized a variety of REE¢see Figure H). The most
commonly used elemerdeodymiung with 115respondets reporting usage, was a focus
element of this surveyThe second and third most widely used elements @éteumdand
Ceriumg with 92 and 78 respondentsespectively.Usage othe otherassessmeniarget
elements@ysprosiung &Erbiumg drerbiumg anddytterbiumd wasreportedby between 60 and

66 respondents each.



Figure llI-4: REE Participation
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On average, respondents worked with 6.3 different R&Bsgh half reported working with
four or fewer. Seven respondents worked with all 17 elements, and another 13 worked with all
but onei ®Promethiund For the 24 respondents working with just one REE, 10 used

ANeodymiund

Respondents were askedhkysupported any of the disted REE applicatiorareadisted (see
Figure I}5), andidentifieda total of639applications wihin thesecategories.@Magnets and
Magnet Powde®wvas the application most selected, dthresponsesOther frequeny

seleced REE application categories includésbatingg dCeramic§ GAlloysd dGain/Laser
Mediumj &Crystal€) andd-iber Optic& Forty-nine @thebapplication areawereidentifiedby
respondentsncludingmotors, R&D, sensors, slurry, memory devices, ingaids, and pipeline

inspection.



Figure 11-5: REE Application Areas
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Respondents provided products and seniit@svariety ofnondefense and defense market
segmentsDrawing from a lisbf non-defensemarket segments provided by BIS, respondents
most often indicate@articipating indResearch and Developmégriderospacg@ dpticdand
®ensord(see Figursll-6 and IF7). Manyrespondents also provided productsnarket

segments as diverse ésealthcare/Medic@l Consumer GoodsanddMarine Transportatiain



Figure 11-6: Market Segments
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Figure IlI-7: Top Non-Defense Market Segment
REE Participation

Research and Development
Transportation-Aerospace
Electronics-Optics/Sensors
Healthcare/Medical
Electronics-Lasers
Materials
Transportation-Automotive
Engineering
Telecommunication
Industrial-Energy/Power Generation
Electronics-Semiconductors
Space-Science
Space-Satellites
Industrial-Chemical
Electronics-Magnets
Industrial-Petrochemical
Consumer Goods
Industrial-Lamps/Bulbs
Transportation-Ships
Electronics-Other Electronics

0 20

40 60

80

Number of Respondents

Source: U.5. Department of Commerce, Bureau of Industry and Security

Strategic Materials Assessment Rare Earth Elements— 2016

100



Onre hundred twlve respondents (4fercent) indicated that they participatedliefenserelated
market segments (see FigureB)l Within the defense sectofR&Ddwas the most commonly
reported market segmignvith 71 respondents (43ercent)participating. AAircraftdanddC41SRd
(Command, Control, Communications, Computers, Intelligence, Surveillance, and
Reconnaissanc&ere thedefenserelatedsectorswith thesecond anthird most common

participation by respondents.

Figure 1I-8: Top Defense Market Segment
REE Participation
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The 1® respondents reported operating 3&ilities in 38 stateq288 facilities)and 33 nordJ.S
locations(108 facilities) between 2010 and 201RBespondents listedb facilities in California,
26 facilities in New Jerseyand 21in New York. For the 108 facilities that wemavned but not
operaed in the United States, the majority were located in China (20), Germany (15) the U.K.

(10), Fance 6), and Canadé5y.



BIS asked respondents to identify REE-utilizing facilities inwhich they anticipated
significant changes in operations from 2@@4£2018and to explain these changé&aventy-five
organizations expected changeg8tofacilities with many changes involving expansion of their
current operationsTwenty-two respondentplanned to prepare for increaseusinas. The top
locations foranticipatedexpansion were California, Arizona, Colorado, Montana, New York,
Wisconsin, and WyomingSix expected to close or relocate; one of these specifically cited
Chinese market control as a reasxplainingi [ We ] h a v eounmrecyclihgotREHR deled
to Chinese pricing in the market place aith phosphors and rare eartli®ecycling of waste

phosphors is not justifiefihancially at this point in time, due to market conditians.



[1l. SALES AND FINANCIAL PERFORMANCE

Sales and other financiahth were a kefactori n under st anding the respo

vulnerabilitiesin the global REE marketplac®IS asked respondents to provide sales and
financial information for 2010 to 2013, with a s@docus on REHelated salesSales data

includedtransactionsnade to commercial and U.S. Government customers.

BIS developed a financial risk metfiar the respondents, based on finahd&ta and qualitative
methods. Thisfinancial riskoverview allowed BIS to batch respondents based ondiah
performanceproviding additional insight into potentia¢percussions of financial impacts across

theREE supply chain.

Sales

Respondet s t ot al 8.abilliersin 2010 ®© &6.4bitlian m 20 3with a peakof
$80.2billion in 2011 Thevastmajority of these sales came framon-REE-related products.
Government andammercialREErelatedproductsaccounted foonly 8.0 percent of totbsales
in 2013 or $6.1 billion(see Figurell-1). The share oREErelated products made an

increasingpercentage of total salassing from 58 percent in 20160 8.0 percent in 2013



Figure IlI-1: Total Sales
2010-2013
(REE and Other)
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Strategic Materials Assessment, Rare Earth Elements — 2016

Respondents were asked to break out both-Riidtedcommerciakales andREErelatedU.S.
Governmat salesfrom their total salesData showedhat salegrowth of REErelated products
outpaced those of neREE products, both for government sales and commercial(sakes
Figure 11-2). Commecial REErelated sales gred8 percentfrom 20162013 while U.S.
GovernmenREErelated salegrew abouB0 percent Sales of noFrREE products to thg.S.

Governmentvas the weakest categofglling consistently from 2010 to 20131 percent)



Figure Il1l-2: Change in REE- Related Sales vs.
All Other Sales
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There was significant variability in sales performanevMeen individual respondentBorty-
severrespondents reportedattheir sales decreased from 2010 to 2@IBof which
experienced a significant decrease in sales (a drop of mor23h@ercent Respondents with
declining sales over the period were of all sibes,nearly half were smaller organizations;744.
percem were categorized by BIS as smadmpaniegless than $25 million in average annual

sales)

Just over on¢hird of the @ respondents witREErelatedU.S. Government sales reported
decreased government saflesn 20102013 with 18 of these respondengxperiencing
significant declinesCommercial REHelated salebad the strongest growdi all the

categorieswith nearly 71percent of respondents reporting increasethis ype of saleand



nearlyhalf (48 percentyeportingsignificantsales growtlfover 25 percentrom 2010 to 2013

(see Figurelll -3).

Figure IlI-3: Distribution of Change in Sales
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Financial Risk

Respondents provided data on select finaragabuntingtems, including net and operating
income, assetsiabilities, and inventoriesBIS used this financial da@nddevelopedc
customized financial risk metric to better capture the overall éilabhnondition of respondents.
The model was based largely on standardized financial ratios covering profitability, liquidity,
leverage, and default probability theorganization®ver time. Additional select qualitative

data were taken into account during the financial risk evaluation.

Respondents were assigned both yearly financial risk scores as well as a more comprehensive

20102013 financial risk score, which incorporated yeadgres and trends in financial health.



Based on this scorecard, respondents were categorized as low/neutral risk, moderate/elevated
risk, or high/severe ris Some respondents did not have data for all years or all measures and as
a result could not besaigned a financial risk score. These respondents are included in the

low/neutral risk category.

For the four year period, BIS categorized three respondents as being at high/severe financial risk,
with an additionaB6 at moderate/elevated financial riskheyearlyfinancial evaluation of
respondents deteriorated moderately across the period, with the numdsparfdents

categoized as low/neutral risk on an annual basis falfingn 136 to 12Icompanies&5 percent

to 76 percent of respondents) duritige 20162013 periodsee Figurell-4A). Moderate/

elevated risk companiesayv from 22to 35 companies (14to 22 percent of respondentduring

the same timeframdrifteenrespondents were labeled as moderate/elevatethrmkghout the
entire20102013 period Half of these respondentsdaegative profgin 2013, andL1 had

negative cumulative earningsrthe fouryear period

While organization®f all sizes were found in the low/neutral financial risk category, small
businesses were proportidlyamore represented in the moderate/elevated risk and high/severe
risk categoriesFor example, the three companies categorized as high/seveia tisé& period

as a wholevere all small businesse3wenty-one of the 36 total companies (58 percent)

labelled as moderate/elevated risk were small businesses (see FigiBg Il



Respondents operating with a net loss were more likely to be identified by B#Siag
high/severdinancial risk. All of the respondents in the high/sevas& category opmited at a
net loss acrossach year othe 22102013 period.The percentage of respondents in the
moderate/elevated risk category operating at a net loss grew from 36 percent to 56percent
the period Between 12 and4 percent of respondents in tleev/neutral risk categorwere

operating at net loss (see Figured)l






















































































































































































































































